This work is concerned with numerical computation of turbulent flow and heat transfer in experimental models of a radially rotating channel used for turbine blade cooling. Reynolds-averaged Navier-Stokes and energy equations with a two-layer turbulence model are employed as the computational model of the flow and temperature fields. The computations are carried out by the software package of "CFX-TASCflow". Heat loss from the channel walls through heat conduction is considered. Results at various rotational conditions are obtained and compared with the baseline stationary cases. The influences of the channel rotation, through-flow, wall conduction and the channel extension on flow and heat transfer characteristics are explored. Comparisons of the present predictions and available experimental data are also presented.
INTRODUCTION
Advanced gas turbine engines require high thermal efficiency and high power density. Therefore, turbine blades must be cooled in order to operate in an environment of high gas temperature and to extend their durability. Many cooling techniques have been proposed over the years, among those the forced convection internal cooling is one of the most important ones. The flow and heat transfer characteristics inside a rotating heated channel are very complicated. They are not only affected by the main flow but also influenced by the Coriolisinduced cross-stream and centrifugal buoyancy effect in longitudinal direction. Due to different rotational effects on the flows in near-wall regions, the heat transfer performance on the four walls, i.e., leading wall (suction side), trailing wall (pressure side), and two side-walls, may differ from each other. This rotational effect will alter the turbulence characteristics in the channel flows either.
In the literature, a number of experimental studies have been conducted to understand the fundamental heat transfer and fluid flow phenomena in radially rotating passages. Johnston et al. (1972) investigated the effect of Coriolis force on the structure of turbulence in a radially rotating channel. When the rotation number increases, turbulent mixing is enhanced on the trailing wall and diminished on the leading wall. Abdelmeguid and Spalding (1979) found that the buoyancy forces tend to reduce the laminar heat transfer rate but enhance the turbulent heat transfer rate for a radially outward flow. Morris and Ghavami-Nasr (1991) conducted heat transfer measurements in rectangular channels with orthogonal mode rotation and showed that the Coriolis-induced secondary flow enhances local heat transfer on the trailing wall and the converse is true on the leading wall where significant impedimenLt to local heat transfer can occur. Soong et al. (1991) revealed that the overall heat transfer rate is enhanced by the Coriolis force but degraded by the centrifugal buoyancy. In rotating passages with smooth walls and radial outward flow, Wagner et al. (1991) found that heat transfer rate becomes 3.5 times on the trailing wall and decreases 40% on the leading wall. Han and Zhang (1992) studied the effect of uneven wall temperature on local heat transfer in a rotating square channel with smooth walls and radially outward flow. The results showed that the local heat transfer coefficients on the leading, trailing, and side-walls are altered by the uneven wall temperature. Kuo and Hwang (1996) measured local heat transfer distributions in a uniformly heated rotating square duct, and addressed the influences of the rotational effects.
Most recently, Hwang et al. (1999) studied the heat transfer of compressed air flow in a rotating fourpass serpentine channel at Re-20000, 30000 and 40000, and rotating rates ranging from 0 to 1250rpm. Details of the local heat transfer along the four-pass channel were addressed.
As to the numerical simulation, more difficulties can be expected for the complexities of the physics and the uncertainties of the numerical procedure and the modeling. Launder (1987, 1991) used standard k-e eddy-viscosity and algebraic second-moment closure turbulence models to predict the flow field and heat transfer in a square ducts rotating in orthogonal mode. Low rotating rates cause the formation of a pair of symmetric streamwise vortices. While the flow instabilities on the pressure side lead the twovortex flow pattern to a four-vortex structure at higher rotating rates. Iacovides and Launder (1995) gave some comments in their review paper of CFD applications to internal cooling of gasturbine blade. One of them is the use of a two-equation linear eddy-viscosity model in the turbulent core coupled with a simple oneequation model across the sublayer. It provides a useful route for tackling most of the flows considered. Although it may not achieve prediction of highest quality, it is a straightforward level of modeling to use and has a good track for capturing the broad trends. Dutta et al. (1996) employed the modeled turbulence generation terms for the Coriolis and buoyancy effects in the k-e transport equations and obtained a better agreement with the experimental data.
In the past, most previous computational models used in numerical simulation did not include the effects of wall conduction and the channel extension attached at the inlet and/or outlet of the experimental model. To explore these influences on the computational results of heat transfer performance, a typical geometry of the experimental model used in Kuo and Hwang (1996) In the latter conjugate heat transfer case (CHS-WC), heat loss through the outer surface of the model is considered. In the experiment, heating power is added to the heater. Most energy is transferred to the coolant air whose temperature is increased through the channel. Some heat energy is conducted through the fiberglass and escaped to the surroundings. The heat loss (QL) can be calculated by QL--hA(Twf-Tsur), here h denotes the convection heat loss coefficient, Tsu the ambient temperature, A the heat transfer (loss) area, and Twf is the wall temperature on the outer surface of the fiberglass.
The heat loss coefficients at four surfaces are evaluated separately by using conventional heat transfer correlation from textbooks, e.g., Incropera and DeWitt (1996) . At stationary condition, the heat losses from the four outer surfaces of the model are estimated by natural convection correlation of a heated plate. For rotating case, the heat losses from the leading and trailing walls are calculated by using the stagnation and base flow heat transfer coefficients, while that from two side-walls by forced convection over flat plate.
The local velocity at each radial location is used to determine the local Reynolds number and, then, the local heat loss coefficient can be evaluated from the proper empirical formulas.
METHOD OF SOLUTION
The present study employs a commercial software package "CFX-TASCflow" from AEA Technology (1998) As the flow patterns and temperature contours shown in Figures 2-6 , the Coriolis-induced crossstream impinges directly on the trailing wall as the channel rotates. The secondary flow then carries the heated fluids away from the stagnation region, passes over the side-walls and towards the leading wall. Therefore this vortical motion creates additional mixing to the main flows and enhances the heat exchange between the fluids and the channel walls. The measured data show that the rotational effect on trailing wall is more pronounced than that on leading wall. This behavior is also well predicted by the present computations.
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